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Abstract
Low-intensity production of Channel Catfish Ictalurus punctatus is characterized by low stocking rates, low
installed aeration capacity, and no automated dissolved oxygen monitoring. Two studies conducted in nine 0.25-acre
ponds quantified production characteristics of stocker Channel Catfish stocked for low-intensity food-fish production
in single- or multiple-batch culture. In the multiple-batch study, 0.5-lb stockers (carryover fish) were stocked at
4,500 fish/acre and 0.044-lb fingerlings at 6,000 fish/acre. Stockers were grown to mean individual weights of 1.25,
1.75, or 2.25 lb. In the single-batch study, 0.5-lb stockers were stocked at 3,500, 4,500, and 5,500 fish/acre. All fish were
fed a feed containing 32% protein daily to apparent satiation. Ponds were harvested in October and fish were weighed.
Growth of carryover fish and understock (fingerlings) in multiple-batch culture was linear and growth-curve slopes
did not differ significantly. Carryover fish size-class distributions differed significantly among target weights and
progressively shifted towards larger size-classes as target weight increased. Stocking rate affected Channel Catfish
growth and yield significantly in single-batch culture. Fish stocked at 3,500 fish/acre grew faster than fish at the
higher stocking rates. Mean final weight decreased linearly and gross and net yields increased linearly with increased
stocking rate. Size-class distributions differed significantly among stocking rates, and the 3,500-fish/acre size-class
distribution was shifted towards larger fish compared with those at the other two stocking rates. By early to mid-July,
ponds stocked in the spring with 0.5-lb stockers contained biomasses of market-size fish suitable for partial harvest,
and at least 22% of the carryover fish exceeded the lower size limit for the processing plant. If fish larger than 1.5 lb
are desired, the data indicated partial harvest should be delayed until August. None of the fish harvested exceeded the
processors’ preferred size ranges (1.25–4.00 lb/fish). In summary, larger Channel Catfish can be produced successfully
using low-intensity, single- or multiple-batch culture.
Catfish farmers use a variety of pond management strate-
gies to produce food-size catfish. These management strate-
gies have evolved over time towards increased intensification.
Catfish farmers in the major catfish-producing states (Alabama,
Arkansas, Louisiana, and Mississippi) are surveyed periodically
about their management, production, and health practices by
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the U.S. Department of Agriculture (USDA) National Animal
Health Monitoring System (NAHMS), with the latest survey
being conducted in 2009 (USDA NAHMS 2010). The effect
on catfish yield, production costs, and economic risk of pro-
duction practices documented in the USDA NAHMS (2010)
report was evaluated recently (Johnson et al. 2014). Those
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authors identified three management strategies that had the low-
est cost per pound of fish produced. Two were high-intensity
production strategies using Channel Catfish Ictalurus punctatus
or hybrid catfish (Channel Catfish × Blue Catfish I. furcatus).
The third was a low-intensity, low-technology, Channel Cat-
fish production strategy characterized by low stocking rates (ca.
4,800 fish/acre), a low amount of installed aeration (2.0 hp/acre),
and no automated dissolved oxygen (DO) monitoring.
Catfish processors continue to seek larger fish for process-
ing and the preferred size range generally ranges from 1.25 to
4.00 lb/fish (Wiese et al. 2006). But the preferred size range
varies from plant to plant and over time in response to market
demands. Processors likely prefer a tighter size range (from 1.5
to 2.5 lb/fish) with minimal numbers of fish at and above 3
lb. Stocking production ponds with stocker catfish is one strat-
egy used by farmers to produce fish larger than 1.25 lb/fish.
Stocker-size catfish range from 62.5 to 751.8 lb/1,000 fish as
defined by the USDA, based upon National Agricultural Statis-
tics Services data collection protocol (USDA NAHMS 2010).
Traditionally, catfish that weigh from 200 to 750 lb/1,000 fish
are defined as stockers (Lee 1981). Up to 97.4% of the Channel
Catfish population harvested from low-intensity ponds stocked
with 0.5-lb stockers in single-batch culture weighed from 1.25
to 4.00 lb/fish, and nearly 60% weighed 1.50–2.50 lb/fish after
210 d of grow out (Green and Engle 2004). In a 200-d low-
intensity study designed to grow large (>3.0 lb) food fish, more
than 80% of the large stockers (800 lb/1,000 fish) in single-batch
culture reached the minimum target weight across all stocking
rates (Engle and Kumar 2011). At stocking rates less than 3,000
fish/acre, 93% of the fish reached the minimum target weight.
Understocked fish (fingerlings) do not appear to affect growth
of large (0.8–1.0 lb/fish) carryover fish in multiple-batch pro-
duction (Southworth et al. 2006a, 2009; Nanninga and Engle
2010), but how smaller stockers will perform in a low-intensity,
multiple-batch system is unknown.
Bastola and Engle (2012) reviewed production relationships
in pond culture of Channel Catfish. Growth and yield of Chan-
nel Catfish are affected by stocking rate. Growth generally de-
creases linearly in response to increased stocking rate, and while
yield from ponds increases with stocking rate, the increase is
not directly proportional (e.g., Tucker et al. 1993; Li et al. 2003;
Robinson and Li 2008). Stocking-rate studies on Channel Cat-
fish have focused on density-dependent growth of fingerlings
stocked into grow-out ponds. No information was found on the
effects of stocking rate on pond grow out of stockers.
In response to increasing market demand for larger catfish fil-
lets, catfish processors increased the minimum marketable size
and lowered the tolerance level for fish outside of the preferred
size range. Given the dearth of systematic research data on the
production of larger Channel Catfish, we conducted three studies
in which the objectives were to quantify production character-
istics, including temporal changes in population size distribu-
tion and response to stocking rate, when 0.5-lb stocker Channel
Catfish were stocked at low intensity for food fish production
either in single- or multiple-batch culture. Results of the first
study on grow out of stockers to market-size fish in single-batch
culture are published (Green and Engle 2004). In this paper,
we report results of the second and third studies (referred to
herein as studies 1 and 2, respectively), along with unpublished
dress-out data from the first study.
METHODS
Studies 1 and 2 were conducted in consecutive years at the
Aquaculture Research Station, University of Arkansas at Pine
Bluff (UAPB). Nine 0.25-acre earthen ponds filled with well
water (total alkalinity, 52 mg/L as CaCO3) were used for each
study. Water was added to ponds only to replace seepage and
evaporation losses. Stock salt (NaCl, 600 lb/acre) was added
to each pond to increase chloride concentration as prophylaxis
against elevated nitrite concentration. Each pond was equipped
with an electric paddlewheel aerator (2 hp/acre) that was op-
erated nightly. When necessary, ponds were aerated during the
day to maintain minimum DO concentrations.
Our approach in both studies was to consider the stocker
Channel Catfish as the carryover fish, such that at the start of
each experiment carryover fish size and biomass approximated
conditions expected at the beginning of the growing season
based on a stocking rate of the previous season of 6,000 fin-
gerlings/acre and a 75% survival rate. Stockers for both studies
were size-graded using the UAPB grader (Trimpey et al. 2004)
to obtain a uniformly sized population for stocking. In study
1, each pond was stocked with fingerlings (understock; 44 lb/
1,000 fish) at 6,000 fish/acre and stockers (carryover fish; 0.50
± 0.10 lb/fish, mean ± SD) at 4,500 fish/acre. Fingerlings were
stocked into ponds on February 27, 2002, followed by stockers
on March 7–12, 2002. In study 2, stockers (carryover fish; 0.53
± 0.15 lb/fish) were stocked into each pond at 3,500, 4,500,
or 5,500 fish/acre; 60% of each pond’s population was stocked
on April 18, 2003, and remaining fish were stocked 10 d later.
Fish in each pond in both studies were fed daily as much float-
ing feed containing 32% protein (ARKAT, Dumas, Arkansas)
as they could consume in 20 min (apparent satiation) and the
amount was recorded.
The fish population in each pond was sampled using a seine
net (0.5-in square mesh) at approximately 30-d intervals begin-
ning 91 and 86 d after stocking in studies 1 and 2, respectively. At
each pond, 100–200 fish each of fingerlings and carryover fish
were weighed individually to the nearest 0.01 lb and returned
to the pond. When the mean individual weight for carryover
fish (study 1) in all ponds reached target weights of 1.25 and
1.75 lb/fish, three randomly selected ponds were harvested
for each target weight on August 1 (147 d poststocking) and
September 5 (182 d poststocking), respectively. The remaining
three ponds (target weight, 2.25 lb/fish) were harvested 235 d
after stocking on October 28. Study 2 ponds were harvested
October 7–10. Each pond was seined twice at harvest in both
studies and then drained, and any fish on the pond bottom were
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collected by hand. Fish from each pond were counted by type
(understock or carryover), weighed in bulk (to the nearest 1 lb),
and a random sample of 100–200 fish of each type was weighed
individually (to the nearest 0.01 lb).
Pond DO concentration and temperature were measured
twice daily at about 0700 and 1600 hours and recorded. Dur-
ing study 1, mean early morning weekly DO concentrations
averaged 6.5, 6.0, and 6.0 mg/L in ponds used for the 1.25-,
1.75-, and 2.25-lb/fish target weight treatments, respectively,
and did not differ significantly (P = 0.422). Respective mean
afternoon DO concentrations did not differ significantly (P =
0.082) among treatments and were 10.2, 9.3, and 9.7 mg/L. In
study 2 mean early morning pond DO concentration did not
differ significant among treatments, but treatment means (5.7,
5.4, and 5.2 mg/L in the ponds used for the 3,500-, 4,500-, and
5,500-fish/acre stocking rates, respectively) approached a lin-
ear relationship with stocking rate (P = 0.056). No significant
differences (P = 0.223) were detected among treatments for
afternoon DO, which averaged 8.2, 9.2, and 9.5 mg/L for ponds
having the low, medium, and high stocking rates, respectively.
Chloride (Hach low-range test kit), total ammonia nitrogen
(TAN; Hach method 10031, salicylate method), and nitrite-
nitrogen (NO2-N; Hach method 10019, diazotization method)
concentrations in the ponds were measured approximately every
2.5 weeks during study 1. These analyses were not performed
during study 2.
Processing yield was determined on a sample of fish har-
vested from the 2.5-lb/fish treatment of the first-year study
(Green and Engle 2004). From 7 to 10 fish were selected at ran-
dom from all harvested fish for weight classes 1.0–1.5 through
4.0–4.5 lb/fish, but only three fish were encountered for the
4.5–5.0-lb/fish size-class. Fish were euthanized by cranial per-
cussion followed by pithing and weighed individually. Fish were
skinned and eviscerated and heads were removed by hand. The
skin and head were weighed separately. The visceral fat was
removed and weighed. The dressed carcasses (no head, skin,
or viscera) were weighed. Fillets were removed, weighed, and
trimmed by hand, and trimmed (shank) fillets and nuggets (belly
flap) were weighed. All results were reported as percentages of
whole-body weight.
Once homogeneity of variance and normality were con-
firmed, data were analyzed using the UNIVARIATE, FREQ,
MIXED, and REG procedure in SAS (version 9.4, SAS Insti-
tute, Cary, North Carolina). Target weight (study 1), stocking
rate (study 2), and weight class (first-year study) were fixed
effects, and pond (studies 1 and 2) and fish (first-year study)
were the random effects. Study 1 final weight and gross and net
yield were not analyzed statistically because the experimental
design called for harvest at different target weights for carryover
fish. Growth data were analyzed by linear regression analysis
(REG procedure) and regression line slopes were compared us-
ing the MIXED procedure; only growth data for study 1 had to
be linearized by natural logarithm transformation for analysis.
Survival data were square-root-arcsine transformed for analysis.
Study 2 treatment means were evaluated by linear and quadratic
orthogonal contrasts. Individual carryover fish weights at har-
vest for each pond were assigned to various weight classes
(<0.5 lb/fish, 0.5–3.0 lb/fish in 0.25-lb increments, and 3.0–4.0
lb/fish) for chi-square analysis; an individual weight was in-




Channel Catfish carryover fish growth (log e-transformed
data) was linear to all target weights in multiple-batch culture.
Growth curves (back transformed) were y = 0.4862e(0.0071x)
(R2 = 0.983, P < 0.001), y = 0.4795e(0.0074x) (R2 = 0.980,
P < 0.001), and y = 0.4935e(0.0070x) (R2 = 0.971, P < 0.001) for
growth up to the 1.25-, 1.75-, and 2.25-lb/fish target weights,
respectively, where y = mean individual weight (lb/fish) and
x = grow-out day. Understocked fish growth (log e-transformed
data) also was linear and was described in back-transformed
form by y = 0.0387e(0.0119x) (R2 = 0.920, P < 0.001), y =
0.0346e(0.0126x) (R2 = 0.928, P < 0.001), and y = 0.0376e(0.0125x)
(R2 = 0.965, P < 0.001) in the 1.25-, 1.75-, and 2.25-lb/fish
target weight treatments, respectively. No significant differences
among growth curve slopes were detected for carryover fish
(P = 0.175) or understocked fish (P = 0.260).
Mean daily feed rations were 64, 76, and 71 lb/acre and
maximum daily feed rations were 162, 177, and 166 lb/acre
for the 1.25-, 1.75-, and 2.25-lb/fish target weight treatments,
respectively. Survival of carryover and understocked fish and
overall FCR did not differ significantly among target weights
treatments (Table 1). The overall mean survival was 90.0% for
carryover fish and 47.8% for understocked fish. The overall FCR
averaged 1.8.
Mean weights of carryover fish at harvest approximated the
target weights (Table 1). The percentages of carryover fish that
exceeded 1.25 and 1.50 lb/fish target weights and the maxi-
mum individual weight encountered during growth samples and
at harvest are presented in Table 2. The cumulative mean per-
cent of carryover fish at harvest equal to or larger than a given
size-class for each target size decreased as size-class increased
(Figure 1).
The mean CV (100·SD/mean) of weight for carryover and
understocked fish remained relatively constant throughout the
experiment (Table 1). Mean individual weight CV at stock-
ing was 19.5% for carryover fish. Understocked fish were not
weighed individually at stocking; at the day-91 sample, mean
individual weight CV was 34.4%. Skewness (g1), a measure of
a distribution’s symmetry about its mean, indicated that initial
(g1 = 0.19) and final individual weight distributions for carry-
over fish were approximately symmetric (Table 1). Individual
weight distributions of understocked fish were approximately
symmetric (g1 = 0.42) at the day-91 sample and skewed to the
right (g1 = 0.85) at harvest from the 1.25-lb/fish target weight
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TABLE 1. Least-squares mean final weight, gross and net yield, and survival of stocker (carryover fish) and understocked (fingerling) Channel Catfish, and
total feed and FCR. Final weight and gross and net yield were not analyzed statistically because the experimental design called for harvest at different target
weights. Means within a row followed by different letters are significantly different at the indicated probability level. Initial weights (mean ± SD) of carryover
and understocked fish were 0.50 ± 0.10 and 0.044 ± 0.002 lb/fish, respectively.
Target weight (lb/fish)
Variable 1.25 1.75 2.25 Pooled SE Pr > F
Carryover fish
Final weight (lb/fish) 1.4 1.9 2.2
CV (%) 18.8 20.1 24.1
Skewness (g1) 0.02 0.03 −0.14
Kurtosis (g2) −0.17 −0.10 −0.11
Gross yield (lb/acre) 5,304 7,464 8,829
Net yield (lb/acre) 3,113 5,274 6,639
Net daily yield (lb/acre per day) 21.3 y 29.1 z 27.4 zy 1.6 0.033
Survival (%) 89.0 91.3 89.5 0.7 0.942
Understocked fish
Final weight (lb/fish) 0.22 0.37 0.55
CV (%) 37.3 33.6 39.4
Skewness (g1) 0.85 0.34 0.08
Kurtosis (g2) 1.37 −0.35 −1.05
Gross yield (lb/acre) 816 966 1,285
Net yield (lb/acre) 575 726 1,045
Net daily yield (lb/acre per day) 3.9 4.0 4.2 1.0 0.987
Survival (%) 58.3 48.9 39.2 0.8 0.474
Total feed (lb/acre) 7,081 10,743 13,390
Overall FCR 2.0 1.8 1.8 0.1 0.493
TABLE 2. Mean percent of the carryover (stocker) Channel Catfish population that exceeded 1.25 and 1.50 lb/fish, and maximum individual weight during the
growing season in a multiple-batch (study 1) or single-batch (study 2) culture.
Percent of population
Study and stocking rate Date ≥1.25 lb/fish ≥1.50 lb/fish Maximum (lb/fish)
Study 1: 4,500/acre Jun 6 3.2 0.4 0.88
Jul 1 21.6 2.8 1.74
Aug 1 70.4 34.0 2.04
Sep 5 94.7 83.2 2.97
Oct 28 93.8 87.7 3.68
Study 2: 3,500/acre Jul 14 66.3 41.3 2.75
Aug 14 85.3 65.3 3.01
Sep 12 94.7 84.8 3.45
Oct 8 95.7 90.0 3.93
Study 2: 4,500/acre Jul 14 54.0 24.0 2.75
Aug 14 76.3 49.0 3.01
Sep 12 83.5 62.0 3.45
Oct 8 90.1 78.9 3.93
Study 2: 5,500/acre Jul 14 35.7 13.0 1.85
Aug 14 64.3 39.0 2.55
Sep 12 77.9 58.5 3.05
Oct 8 87.0 73.0 3.34
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FIGURE 1. The mean percentage of the carryover Channel Catfish population
at harvest of 1.25-, 1.75-, and 2.25-lb/fish target weight ponds that exceed each
weight class.
ponds. Otherwise, distributions were approximately symmetric.
Kurtosis (g2), a measure of the central peak’s height and sharp-
ness relative to the rest of the data, indicated that the individual
weight distributions were approximately normal (mesokurtic)
for the carryover and understocked fish at stocking and at day
91, respectively (Table 1). Carryover fish size distributions at
harvest were slightly flatter (platykurtic) than a normal distri-
bution. Size distribution of understocked fish was more peaked
(leptokurtic) at harvest from the 1.25-lb/fish target weight ponds,
but became increasingly flatter at each subsequent harvest.
Carryover fish size-class distributions differed significantly
among target weights (P < 0.001). Size-class distribution pro-
gressively shifted towards larger size-classes as target weight
increased. There were greater than expected numbers of 0.75–
1.25-lb fish in the 1.25-lb/fish target weight group, whereas for
the other two target weights there were fewer than expected
fish. There were greater than expected numbers of 1.75–2.00-lb
fish in the 1.75-lb/fish target weight population than in the other
treatments. And, the 2.25-lb/fish target weight population had
greater than expected numbers of 2.25–4.00-lb fish than in the
other two treatments.
Mean chloride concentration did not differ significantly (P =
0.954) among treatments and was 93, 100, and 113 mg/L for the
1.25-, 1.75-, and 2.25-lb/fish target weight treatments, respec-
tively. No significant difference (P = 0.221) was detected among
treatments for TAN, which averaged 0.47, 0.69, and 0.80 mg/L
in the 1.25-, 1.75-, and 2.25-lb/fish target weight treatments,
respectively. The respective NO2-N means were 0.04, 0.04, and
0.06 mg/L and did not differ significantly among treatments
(P = 0.526).
Study 2
Stocking rate affected Channel Catfish growth and yield sig-
nificantly (Table 3). Mean final weight decreased linearly and
gross and net yields increased linearly with increased stocking
rate. Mean daily feed ration increased linearly (P = 0.004) with
stocking rate and was 59, 64, and 70 lb/acre for the 3,500-,
4,500-, and 5,500-fish/acre stocking rates, respectively; maxi-
mum daily feed ration was 139, 169, and 185 lb/acre, respec-
tively. Feed conversion ratio did not differ significantly among
stocking rates and averaged 1.9 overall.
Stocker growth curves were linear: y = 0.5567 + 0.0102x
(R2 = 0.966, P < 0.001), y = 0.5492 + 0.0080x (R2 = 0.974,
P < 0.001), and y = 0.4960 + 0.0079x (R2 = 0.982, P <
0.001) for the 3,500-, 4,500-, and 5,500-fish/acre stocking rates,
respectively, where y = mean individual weight (lb/fish) and
x = grow-out day. Catfish stocked at 3,500 fish/acre grew faster
than at 4,500 fish/acre (P = 0.018) or 5,500 fish/acre (P =
0.016). There was no significant difference (P = 0.992) in
growth rates between the 4,500- and 5,500-fish/acre stocking
rates.
TABLE 3. Least-squares mean final weight, gross and net yield, and survival of stocker Channel Catfish stocked at 3,500, 4,500, and 5,500 fish/acre, and total
feed and FCR. Probability levels for linear and quadratic orthogonal contrasts are shown. Initial stocker weight was 0.53 ± 0.15 lb/fish.
Stocking rate (fish/acre) Pr > F
Variable 3,500 4,500 5,500 Pooled SE Linear Quadratic
Final weight (lb/fish) 2.2 1.9 1.8 0.1 0.003 0.123
CV (%) 27.2 26.9 29.0
Skewness (g1) 0.18 0.38 0.40
Kurtosis (g2) −0.20 −0.06 −0.28
Gross yield (lb/acre) 6,522 7,254 8,497 259 0.002 0.451
Net yield (lb/acre) 4,591 4,802 5,533 256 0.041 0.439
Net daily yield (lb/acre per day) 28.2 29.5 33.9 1.6 0.041 0.439
Survival (%) 86.9 87.5 89.6 0.4 0.645 0.876
Total feed (lb/acre) 8,924 9,663 10,455 280 0.008 0.940
FCR 1.9 2.0 1.9 0.1 0.616 0.277
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FIGURE 2. The mean percentage of the carryover Channel Catfish population
at harvest for stocking rates of 3,500, 4,500, and 5,500 fish/acre that exceed each
weight class.
Mean individual weight CV at stocking was 23.4% and at
harvest was consistent among stocking rates (Table 2). No sig-
nificant differences (P > 0.05) were detected for CV among
treatments at stocking or harvest or within treatments between
stocking and harvest. The mean individual weight distribution
at stocking was skewed to the right (g1 = 0.76) and more
peaked than a normal distribution (g2 = 1.20). Mean individual
weight distributions at harvest were approximately symmetric
and slightly flatter than a normal distribution (Table 2).
The percentages of carryover fish that exceeded target
weights of 1.25 and 1.50 lb/fish and the maximum individ-
ual weight encountered during growth samples and at harvest
are presented in Table 2. The cumulative mean percent of fish
equal to or larger than a given size-class at harvest was higher at
the 3,500-fish/acre stocking rate than at the other two stocking
rates, the results of which were similar (Figure 2).
Size-class distributions differed significantly among stocking
rates (P < 0.001). The 3,500-fish/acre size-class distribution was
shifted towards larger fish compared with the other two stock-
ing rates. There were greater than expected numbers of 1.50-lb
and 1.00–1.25-lb fish at the 4,500- and 5,500-fish/acre stock-
ing rates, respectively, whereas for the 3,500-fish/acre stocking
rate there were fewer than expected 1.00–1.50-lb fish. There
were greater than expected numbers of 2.50–4.00-lb fish in
ponds stocked at 3,500 fish/acre compared with the higher
stocking rates, which had fewer than expected numbers of
2.75–4.00-lb fish.
Dress-Out Results (First-Year Study)
From the initial first-year study, significant differences
among weight classes were detected only for nugget (belly flap)
yield and visceral fat (Table 4). Nuggets from fish smaller than
2.5 lb/fish were significantly smaller as a percentage of total
weight than those from from larger fish. Visceral fat from fish
in the 1.0–1.5-lb/fish weight class was significantly lower as a
percentage of total weight than that for all other weight classes.
DISCUSSION
Gross and net fish yields in the current experiments were
comparable with results from our earlier study (Green and Engle
2004) where 0.5-lb stockers at the same stocking rate and us-
ing the same management protocols were grown in single-batch
culture to different target weights. The varied experimental de-
signs of other studies on low-intensity Channel Catfish culture
allow only general comparisons to the present studies. In ponds
with carryover fish biomasses similar to that of study 1, but
composed of larger stockers (0.8–1.0 lb) and understocked with
3,000–14,000 fingerlings/acre, total gross and net fish yields
were 61–118% and 50–114%, respectively, of those from study
1 (Southworth et al. 2006a, 2009). Lower initial biomasses of
even larger carryover stockers understocked with varying sizes
of fingerlings at 6,000 fish/acre resulted in total gross and net
fish yields that were 47–68% and 46–67%, respectively, of study
1 yields (Engle and Valderrama 2001; Pugliese et al. 2012). In
ponds stocked at 1,000–3,000 fish/acre with large stockers (800
lb/1,000 fish) in single-batch culture, gross and net fish yields
were 35–136% and 40–141%, respectively, of study 2 yields
(Engle and Kumar 2011).
Carryover fish survival in the present studies were consis-
tent with results from other studies on low-intensity Channel
Catfish culture (Engle and Valderrama 2001; Green and Engle
2004; Southworth et al. 2006a, 2009; Pugliese et al. 2012). The
39–58% survival rate of understocked fish in study 2, while
low, was comparable with the 24–58% survival reported for
similar-sized (40–42 lb/1,000) fingerlings understocked in low-
intensity culture ponds (Southworth et al. 2006a; Pugliese et al.
2012). Smaller understocked fingerlings experienced similarly
low survival rates (Engle and Valderrama 2001; Engle et al.
2009), whereas survival increased to 68–88% when larger fin-
gerlings were understocked (Engle and Valderrama 2001; Green
et al. 2009; Southworth et al. 2009).
Exact causes of fingerling mortality in production ponds
often are unknown. Cannibalism of small (55 lb/1,000) by
large (0.8 lb/fish) Channel Catfish was observed in an aquaria
study when small fish were stocked 14 d after large fish, but
not when small and large fish were stocked simultaneously
(Unprasert et al. 1999). Testing these same experimental treat-
ments in earthen ponds resulted in significantly lower survival
when small fish were stocked 14 d after large fish compared with
simultaneous stocking (92.9% versus 96.9% survival, respec-
tively), but not as low as observed in the aquaria study (75.3%
versus 98.7%, respectively). Cannibalism was suspected in the
pond study, but stomach content analysis of 10% of the popula-
tion of large fish found no fish carcasses (Unprasert et al. 1999).
Since fingerlings in study 1 were stocked 8 d before carryover
fish, the role of cannibalism in fingerling mortality is unknown.
Biting of smaller catfish by larger Channel Catfish followed
TABLE 4. Least-squares mean ± SE dress-out percentages by assigned weight class for Channel Catfish harvested from the 2.5-lb/fish target weight treatment ponds. Weight classes are in 0.5-lb
increments. As assigned categories, whole-body data were not compared statistically. Means within a row followed by different letters are significantly different at the probability level indicated.
Weight class (lb/fish)
Variable 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 Pr > F
Whole body (lb) 1.3 ± 0.1 1.7 ± 0.1 2.2 ± 0.1 2.8 ± 0.1 3.3 ± 0.1 3.6 ± 0.1 4.3 ± 0.1 4.6 ± 0.1
Head (%) 22.4 ± 0.7 20.4 ± 0.7 21.5 ± 0.7 21.6 ± 0.7 21.3 ± 0.7 22.0 ± 0.7 22.3 ± 0.8 22.3 ± 1.2 0.543
Skin (%) 5.3 ± 0.2 5.4 ± 0.2 4.9 ± 0.2 5.0 ± 0.2 4.5 ± 0.2 5.0 ± 0.2 5.2 ± 0.3 5.4 ± 0.4 0.139
Visceral fat (%) 0.8 ± 0.0 y 2.2 ± 0.0 z 3.0 ± 0.0 z 2.9 ± 0.0 z 3.1 ± 0.0 z 2.9 ± 0.0 z 2.6 ± 0.0 z 3.6 ± 0.0 z 0.006
Dressed carcass (%) 60.1 ± 0.7 60.4 ± 0.7 62.1 ± 0.8 60.1 ± 0.7 62.1 ± 0.7 62.1 ± 0.7 62.0 ± 0.8 61.0 ± 1.2 0.100
Fillet (%) 46.3 ± 1.0 46.6 ± 1.0 47.8 ± 1.1 47.1 ± 1.0 49.7 ± 1.1 48.5 ± 1.0 49.2 ± 1.2 50.4 ± 1.8 0.168
Shank fillet (%) 37.7 ± 1.0 37.2 ± 1.0 38.7 ± 1.1 37.4 ± 1.0 40.1 ± 1.0 38.3 ± 1.0 37.7 ± 1.2 39.7 ± 1.8 0.493
Nugget (%) 8.6 ± 0.3 y 9.4 ± 0.3 y 9.1 ± 0.3 y 9.8 ± 0.3 zy 10.1 ± 0.3 z 10.2 ± 0.3 z 10.7 ± 0.3 z 10.8 ± 0.5 z <0.001
Head : whole
body (%)
22.4 ± 0.5 20.4 ± 0.5 20.5 ± 0.6 21.6 ± 0.5 22.0 ± 0.6 22.0 ± 0.5 22.3 ± 0.6 22.3 ± 1.0 0.080
Fillet : dressed
carcass (%)




62.6 ± 1.3 61.5 ± 1.3 62.7 ± 1.6 62.3 ± 1.3 64.5 ± 1.4 61.7 ± 1.3 60.8 ± 1.6 65.0 ± 2.4 0.648
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by opportunistic bacterial infection of the resulting wound can
cause mortality, but small (110 lb/1,000) fish rarely sustained
bites by large fish (0.9–2.1 lb/fish), especially when fish were
fed (Lochmann et al. 1998). Causes of catfish fingerling mortal-
ity in earthen ponds include poststocking stress-induced disease
and predation (e.g., by birds, snakes, turtles), both of which
likely contributed to the study 1 results.
Growth of individual fish within a population is affected by
social interactions, mediated most commonly by competition
for food among individuals (Brett 1979; Jobling 1983; Jobling
and Wandsvik 1983; Huss et al. 2008). Size variation within
the population, as measured by the CV, would be expected to
increase with increased competition if food is assumed to be
distributed according to a size hierarchy. Competition between
understocked fingerlings and carryover fish or in response to
an increased stocking rate are factors that affect population size
distribution. Coefficients of variation of individual Channel Cat-
fish weight at harvest converge towards 30–40% (Konikoff and
Lewis 1974) and are unaffected by stocking rates that range from
8.4 to 20.8 fish/ft2 in cages (Konikoff and Lewis 1974; Kilambi
et al. 1977) or from 0.5 to 4.1 fish/ft2 in the biofloc production
system (Schrader et al. 2011; Green and Schrader 2015). In-
dividual weight CVs above or below the 30–40% range in the
initial population will tend to move towards that range during
the culture period. Individual weight CVs at harvest in studies
1 and 2 appeared to follow this general trend. It is unlikely,
however, that competition for food was appreciable during the
present studies because fish were fed daily to apparent satia-
tion and individual weight CVs at harvest were similar among
treatments.
Size-grading the initial Channel Catfish population signifi-
cantly reduces individual size variation at harvest and yields a
significantly greater proportion of market-sized fish compared
with that an ungraded population (Greenland et al. 1983). The
reduction in size variability gained by initial population size-
grading appeared to be conserved throughout studies 1 and 2.
In a previous study where size-graded stocker Channel Cat-
fish were grown in single-batch culture to 1.25–2.50 lb/fish,
initial weight CV (23.1%) increased to CVs that ranged from
24.8% to 29.2% at harvest (Green and Engle 2004). Although
a direct comparison is not valid, it appears that the under-
stocked fingerlings did not affect carryover fish size variation
at harvest given the similarity in the CVs from study 1 and
Green and Engle (2004). Understock fingerling size (Engle and
Valderrama 2001) or stocking rate (Southworth et al. 2009),
however, can reduce carryover Channel Catfish growth. The sig-
nificantly slower growth of carryover fish in ponds understocked
with 82lb/1,000 fingerlings compared with ponds understocked
with 26 lb/1,000 or smaller fingerlings (Engle and Valderrama
2001) or in ponds understocked with 198 lb/1,000 fish at 4,500–
6,000 fish/acre compared with 3,000 fish/acre (Southworth et al.
2009) was attributed to competition for feed despite fish being
fed to apparent satiation. However, in a 3-year Channel Catfish
production study, mean individual weight of harvested fish did
not differ significantly for fish grown in single- or multiple-batch
culture (Tucker et al. 1993). Stomach content analysis of small
fingerlings in multiple-batch culture ponds showed that natural
food items predominated (Tucker et al. 1993).
Channel Catfish growth is affected by stocking rate during all
production phases independent of the production system (e.g.,
Allen 1974; Dunham et al. 1990; Li et al. 2003; Baumgarner
et al. 2005; Green and Schrader 2015). Although individual
growth rate and fish size at harvest vary inversely with stock-
ing rate, yield increases with stocking rate when feed is not
limiting because of the greater number of fish. Despite being
fed to apparent satiation, a diet formulated to meet nutritional
needs, and no statistically significant differences among FCR,
feed intake per fish and individual weight decreased linearly
as stocking rate increased in study 2. The 16–28% reduction
in feed intake per fish we observed as stocking rate increased
from 3,500–5,500 fish/acre is comparable with the 21–32% de-
crease in feed intake per Channel Catfish as stocking rate in-
creased from 6,000–18,000 fish/acre (Robinson and Li 2008).
Similarly, feed intake decreased by 25–39% as Channel Cat-
fish stocking rate increased from 1,000–3,000 fish/acre (Engle
and Kumar 2011). Feed consumption and growth of Channel
Catfish are inversely related to pond DO concentrations below
40% saturation, approximately equivalent to 3.5 mg/L at sum-
mer pond water temperatures (Torrans 2008; Green and Rawles
2011), but in study 2 mean early morning DO concentrations ex-
ceeded this threshold. Thus, early morning DO concentrations
do not appear to explain the decreased feed intake in catfish
among the treatments. Ammonia and nitrite, which were not
measured in study 2, can be growth-limiting or toxic to Channel
Catfish (Colt and Tchobanoglous 1976; Colt et al. 1981; Har-
greaves and Kucuk 2001). However, since ponds in studies 1
and 2 were managed similarly and measured TAN and NO2-
N concentrations were low during study 1, it is unlikely that
water quality restricted feed intake by catfish during study 2.
Robinson and Li (2008) also were unable to attribute decreased
feed intake and growth to water quality, but rather hypothesized
based upon the apparent inverse stocking rate–survival relation-
ship that density-dependent stressors related to crowding were
responsible.
Although decreased feed intake in response to increased
stocking rate has been attributed to density-dependent mortal-
ity, similar survival of catfish among stocking rates in study 2
precludes differential mortality as an explanation for the de-
creased feed intake. Stress, as measured by serum cortisol level,
in Channel Catfish stocked at 0.5–2.0 fish/gal in flow-through
aquaria was low and did not differ significantly with stocking
rate (Gatlin et al. 1986). Klinger et al. (1983) reported for catfish
stocked at 1.2–14.2 fish/ft2 in flow-through tanks that serum cor-
tisol concentrations were low and unaffected by density, whereas
Ainsworth et al. (1985) found that serum cortisol concentration
in fish stocked in ponds at 4,000 fish/acre was significantly
lower than in fish stocked at 6,000 or 8,000 fish/acre. Serum
cortisol concentrations were less than 10 g/dL in all these
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studies (Klinger et al. 1983; Ainsworth et al. 1985; Gatlin et al.
1986). Thus, based on these published studies density-induced
stress as indicated by serum cortisol concentration does not ap-
pear to explain the observed decrease in individual fish feed
consumption. The cause of decreased feed intake by individual
fish in response to increased stocking rate remains unknown, but
likely is related to some aspect of social interaction and requires
further investigation.
Feed conversion ratios in the present experiments were com-
parable with FCRs reported for other low-intensity Channel Cat-
fish studies (Engle and Valderrama 2001; Green and Engle 2004;
Southworth et al. 2006a, 2006b). Reported effects of stocking
rate on FCR in low-intensity Channel Catfish culture are varied
and reflect differences in experimental design. No significant
differences in FCR were detected over a range of stocking rates
in single- (Southworth et al. 2006b) or multiple-batch (Engle
and Valderrama 2001; Southworth et al. 2006a) culture. Over a
3-year study period, mean FCR was significantly higher for the
higher stocking rate (Tucker et al. 1993), but Engle and Kumar
(2011) found a significantly higher FCR for Channel Catfish
stocked at 1,000 fish/acre than at 2,000 and 3,000 fish/acre. No
differences in FCR are expected between the present and cited
studies because feed wastage is minimized when fish are fed
daily to apparent satiation.
Growing larger Channel Catfish did not affect dress-out per-
centages except for visceral fat and nugget percentages. The
significantly lower visceral fat in fish from the smallest weight
class likely resulted from restricted access to feed caused by
size-related social interactions within the fish population. Rel-
ative growth and metabolic rate are higher in smaller fish than
in larger fish, which results in less fat deposition by smaller
fish (Salam and Davies 1994) and may have contributed to the
lower visceral fat present in fish from the smallest weight class.
The cause of the significantly lower nugget percentage observed
for fish from the three smallest weight classes is unknown, but
may be related to the lower fat content of smaller fish (Salam
and Davies 1994). Dress-out and visceral fat percentages for the
current study were consistent with values reported for Channel
Catfish that averaged 0.9–2.0 lb/fish (Robinson and Li 1998,
1999a, 1999b; Li et al. 2000; Bosworth et al. 2004; Bosworth
and Wolters 2005). Some of the variation among reported values
may depend upon whether fish were processed by hand or by us-
ing commercial processing equipment. Our results and those of
Robinson and Li (1998, 1999a, 1999b) were from fish dressed
by hand, while commercial equipment was used in the other
cited studies.
While stocker Channel Catfish increasingly are stocked into
production ponds to grow larger, market-size fish and single-
batch production from stocker to market size is economically
viable (D’Abramo et al. 2013), farmers should avoid produc-
ing fish that exceed processing plant specifications, i.e., out-
of-size fish, which are discounted (Wiese et al. 2006). Given
that fish size specifications for Channel Catfish delivered for
processing vary temporally and among plants in response to
market demands, 1.5–2.5 lb/fish always should be acceptable.
Partial harvest of market-size fish often occurs twice during
the growing season in multiple-batch ponds and once in single-
batch ponds (Tucker et al. 1993; Engle and Valderrama 2001;
Southworth et al. 2006a, 2009; Pugliese et al. 2012; D’Abramo
et al. 2013). Generally, market-size fish are harvested selectively
beginning in May and continuing through September. Final har-
vest of fish from single-batch ponds typically occurs from Octo-
ber through February. Channel Catfish captured at each harvest
are size-graded passively using a grading net of specified mesh
size to retain fish that exceed a specific minimum size range
(Tucker and Robinson 1990). By early to mid-July, ponds in
studies 1 and 2, stocked in the spring with 0.5-lb stockers (car-
ryover fish), contained biomasses of market-size fish suitable
for partial harvest for processing, and at least 22% of the carry-
over fish exceeded the processing plant’s lower size limit. If fish
larger than 1.5 lb are desired, the data indicate partial harvest
should be delayed until August. While none of the fish har-
vested from studies 1 and 2 exceeded the processors’ preferred
size range (1.25–4.00 lb/fish), the likelihood of occurrence of
out-of-size fish appears greater in multiple-batch culture be-
cause of large fish that evade capture during partial harvests,
whereas in single-batch culture few fish evade capture because
ponds are seined at least twice at final harvest (Tucker et al.
1993).
In summary, results of the present studies (years 2 and 3)
and those from the first year (Green and Engle 2004) indicate
that larger Channel Catfish can be produced successfully using
low-intensity, single- or multiple-batch culture without negative
effects on FCR or dress-out percentages. However, these results
should be verified in a multiyear study in larger ponds and
subjected to economic analysis similar to the study conducted
by Tucker et al. (1993).
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